The detection of fetal anomalies has improved in the last years as a result of the generalization of ultrasound pregnancy screening exams. The presence of a cystic imaging in the fetal pelvis is a relatively common finding, which can correspond to a real congenital cystic lesion or result from the anomalous liquid accumulation in a whole pelvic organ, mainly the urinary bladder, the uterus, or the vagina. In selected cases with poor prognosis and/or inconclusive echographic findings, magnetic resonance may bring additional information in terms of the characterization, anatomical location, and real extension of the pathology. This pictorial essay describes the normal pelvic fetal anatomy, as well as the most common pelvic cysts. It also describes the causes of an anomalous distension of the whole pelvic organs detected in utero, with emphasis on prenatal magnetic resonance imaging exams. Moreover, it proposes practical teaching points to reduce the differential diagnosis of these lesions based on the sex of the fetus, the division of the pelvis in anatomical spaces, and the imaging findings of the pathology. Finally, it discusses the real utility of complementary MRI.
The detection of fetal anomalies has continuously improved over the last two decades as a result of the generalization of prenatal ultrasound (US) screening exams. A pelvic pathology accounts for about 10% of all fetal problems detected [1] , and it often presents a cystic appearance at imaging. In these cases, the most common diagnosis can be divided into two main groups: the first one corresponds to real congenital cystic lesions while the second group results from the anomalous accumulation of liquid in a whole pelvic fetal organ, mainly the bladder, the vagina, and/or the uterus, mostly due to a distal obstruction. The pathologies most commonly detected in utero are listed in Table 1 . US is clearly the most relevant imaging method for diagnosis, but in selected cases, complementary prenatal magnetic resonance imaging (MRI) may bring additional information in terms of the characterization, anatomical origin, and evaluation of the real extension of the pathology.
This pictorial essay intends to familiarize radiologists with the wide spectrum of fetal pelvic cystic pathology, and evaluates the role of prenatal MRI exams, based on representative examples from our own experience in the last 10 years. Moreover, it proposes practical teaching points to reduce the differential diagnosis of these lesions based on the sex of the fetus, the location of the pathology regarding the anatomical pelvic spaces, and the imaging findings of the lesion.
Imaging of the normal fetal pelvis
The fetal bladder should be visible at US in all fetuses after the 12th week of pregnancy (w.p) [1, 2] . After this moment, the normal bladder is never completely empty, even immediately after voiding [3] . It is well identifiable as a round or ovoid structure, filled with urine, homogeneously hypoechoic at US, and hypointense on T1-(T1-W) and hyperintense on T2-weighted (T2-W) MR images. The bladder wall should be smooth, with a thickness <3 mm [2, 4] , whereas the normal urethra is usually not seen at imaging. The umbilical arteries should be visualized on both sides of the bladder and help to identify this organ.
The correct identification of the normal external genitalia at imaging depends mainly of the timing of the exam during pregnancy and the position of the fetus during the exam [4] . Concerning the internal genitalia in females, the vagina is usually not recognizable, but the uterus and especially the ovaries are often seen at exams performed at late pregnancy, due to the organs stimulation by placental and maternal hormones [5, 6] .
The production of meconium usually occurs after the 13th week of pregnancy. At approximately the 20th week of pregnancy, a gradual increase of anal sphincter pressure leads to a progressive accumulation of meconium in the distal bowel, colon, and rectum [7] . The small bowel and colon are difficult to differentiate from each other at US exams. On the contrary, they are easily identifiable at MRI, because of the different protein concentrations and signal intensities of the fluids filling the proximal bowel-hypointense on T1-W and hyperintense on T2-W images-and the colon and rectum-meconium, hyperintense on T1-W and hypointense on T2-W images [1] .
Anatomical pelvic spaces
At MRI, the most relevant imaging plane for diagnosis is the midline sagittal plane. In this plane, the pelvis can be divided into different anatomical spaces (Fig. 1) . In females, there are three spaces: the anterior one is limited dorsally by the posterior bladder wall and contains the urine bladder. The middle space, located between the bladder and the ventral wall of the rectum, contains the internal genital organs, vagina and uterus. Finally, the posterior space contains the rectum and the presacral fat. In males, the pelvis can be mainly divided into two spaces: the anterior one contains the urine bladder, prostate, and urethra, whereas the posterior space contains the rectum and the presacral fat. The middle space with the recto-vesical pouch is practically a virtual space, and it is usually not identifiable at imaging.
A clear distinction of these anatomical spaces is extremely difficult at prenatal imaging. However, in the presence of a pelvic pathology, the displacement of the pelvic organs may help to identify the pelvic space at which the pathology origins, limiting the differential diagnosis. As previously described, the different signal 
Pathology in the anterior pelvic space
A megacystis is the most frequently observed pathology in this space. The pathologic distension of the bladder is usually secondary to a distal obstruction of the urethra and may be associated or not to a distended urachus.
The term LUTO results from the acronym of fetal lower urinary tract obstruction and includes a wide variety of pathologies. The most important causes are the posterior urethral valves, the prune belly syndrome, the urethral stenosis, and the urethral atresia. Less common causes include anterior urethral valves or diverticulum, prolapsed ureterocoele, megalourethra, and megacystismicrocolon-intestinal hypoperistalsis syndrome [8] . Posterior urethral valves account for the great majority of lower urethral obstructions. They are observed exclusively in males and have an incidence of 1:8000-25,000 births [2] . The main findings are the detection of a variable, often extremely distended, thick-walled bladder, and of significant hydroureteronephrosis, usually bilateral. However, hydroureteronephrosis can be asymmetrical, and up to 15% of patients present only unilateral dilatation [9] . A dilated posterior proximal urethra is often observed, showing a typical morphology, classically known as ''the keyhole sign'' (Fig. 2) . Severe megacystis is often associated with oligohydramnios and may lead to abnormal renal function. In fetuses with a poor prognosis, percutaneous vesicoamniotic shunting can be used to relieve urinary tract obstruction [10] .
Postnatal treatment consists of the immediate placement of a bladder catheter, followed by surgical ablation of the valves.
In general, a distended bladder is easily identifiable at US studies and MRI is rarely required. However, we perform prenatal MRI in selected severe cases in order to evaluate the fetal lungs as a severe megacystis may cause elevation of the hemidiaphragms, chronic bilateral lung compression, and secondary pulmonary hypoplasia. These findings may be aggravated in the presence of the often associated oligohydramnios that also contributes to the lung hypoplasia by three mechanisms: the extrinsic compression of the fetus, a reduction of the fetal breathing movements, and a limited pulmonary distension. In these patients, as occurred in patients with congenital diaphragmatic hernia referred for the routine evaluation of fetal lungs [11, 12] , the obtained lung volumes can be compared with those of the normal fetuses at the same age of pregnancy in order to evaluate the severity of the hypoplasia and to predict the postnatal outcome ( Table 2) .
The megacystis-microcolon-intestinal-hypoperistalsis, also known as MMIH syndrome, is a rare condition of unknown etiology, characterized by a massively dilated urine bladder, incomplete intestinal rotation, microcolon, and small bowel dilation. Ascites can also be observed. It occurs almost exclusively in females, which helps to differentiate it from other forms of lower urinary tract obstruction. Imaging findings include megacystis and bilateral hydronephrosis, typically without oligohydramnios [2, 13] . The microcolon may be difficult to identify at US but is usually well distinguished at T1-W MRI images because of the typical high signal intensity of the protein-rich meconium (Table 2) .
Urachus anomalies are occasionally detected in utero. There is no consensus about the normal timing for urachal obliteration in fetal life. The failure of urachal obliteration can give rise to patent urachus (48%), urachal cysts (31%), urachal sinus (16%), and vesicourachal diverticulum (5%) [14, 15] . A patent urachus is often associated with a low urethral obstruction and with umbilical cord cysts. At imaging, it is seen as a longitudinal, tubular structure connecting the anterior part of the bladder dome with the umbilicus (Fig. 2) .
Pathology in the middle pelvic space
Pathologies in this space are mainly observed in females and related to uterine and/or vaginal anomalies. They cause anterior displacement of the bladder and posterior displacement of the rectum at the midline sagittal plane.
Isolated hydrocolpos/hydrometrocolpos is very uncommon, with a reported incidence of 1:16,000 in newborn girls. It results from a distal obstruction with accumulation of reproductive secretions at the vagina and/or uterus. Imperforated hymen, midline vaginal septum and vaginal atresia are the most frequently observed causes [16] [17] [18] (Fig. 3) . Severe hydrocolpos/hydrometrocolpos may produce unilateral or bilateral hydronephrosis. Prenatal diagnosis occurs mostly at late gestation. The distended, fluid-filled vagina usually shows a typical pear-inversed form, with a recognizable uterus on top that may or not be distended [18] . Diagnosis at US is not always evident. At MRI, the different signal intensities of the urine present in the bladder and of the genital secretions filling the uterus/vagina may suggest the diagnosis (Table 2) .
Cloaca is an extremely rare malformation with an incidence of 1:50,000 females [19] . It results from the failure of the urorectal septum to join the cloacal membrane at the early embryonic development [20] , and is often associated to multisystemic anomalies. Cloaca can lead to bladder obstruction, hydrometrocolpos, and/or colonic dilatation, and it is often associated with genital show the distended urine bladder (B) with a thick, irregular wall. Note the urine ascites, a ''keyhole'' appearance of the dilated proximal urethra (B white block arrow) and a patent urachus (white arrows C and D). There is severe bilateral hydronephrosis with extremely dilated ureters (U) and reduced size of the kidneys (black arrows B). Note the cranial displacement of both hemidiaphragms and the resulting severe bilateral pulmonary hypoplasia. duplication (Fig. 4) . Its diagnosis in utero is extremely difficult. Indeed, most cases are only confirmed after birth in the presence of a single common perineal opening for the genital, urinary, and gastrointestinal tracts. Occasionally, US and/or MRI may recognize the associated genital duplication and suggest the diagnosis. In some cases, an identical signal intensity of the fluids filling the urinary, genital, and digestive cavities at MRI suggests communication of the three systems and can help to establish diagnosis (Table 2) .
Ectopic kidneys are observed in 1:900 autopsies. Most of them are located in the pelvis, posterior to the urine bladder. They often present anomalous ureteral implantation with distal obstruction that can produce a secondary multicystic renal dysplasia [21] . Pelvic located multicystic dysplastic kidneys can be extremely heterogeneous at imaging and therefore difficult to identify in utero (Fig. 5) . However, the absence of one of the kidneys in its normal location should suggest the diagnosis.
Enteric duplication cysts result from the failure of the intestinal lumen to recanalize during embryogenesis. They have an incidence of about 1:10,000 births and are most frequently located in the ileum. They can communicate or not with the intestinal lumen [7, [22] [23] [24] . At imaging, enteric cysts appear as an elongated, tubular or spherical unilocular cyst, in contact to the bowel. The wall of the duplication cyst is typically thick and multilayered. Prenatal MRI may help to confirm the anatomical contact between the cyst and the bowel.
Pathology in the posterior pelvic space
Pathologies arising from the posterior pelvic space usually cause anterior displacement of the rectum at the midline sagittal images.
Rectal duplication cysts are extremely rare and constitute only about 4% of all enteric cysts [7, [22] [23] [24] . They are found in contiguity with the meconium-filled rectum and present the same imaging findings as previously described for the enteric cysts, including the typical thick, multilayered wall and the homogeneous intracystic fluid signal. Rectal duplication cysts have been extremely sel- The suggested US diagnosis was cloaca. There is ventral displacement of the bladder (B) and secondary bilateral hydronephrosis (C). Observe the posterior displaced and compressed rectum, (B white arrow) filled with protein-rich meconium. dom discovered at prenatal studies (Fig. 6 ). Diagnostic confirmation is only possible after resection and requires the identification of digestive lining epithelium. They are usually removed after birth, even in asymptomatic patients, in order to avoid late complications such as ulceration, bleeding, infection, or perforation. Sacrococcygeal teratoma is the only cystic tumoral lesion observed in the fetal pelvis. The teratoma is the most common congenital tumor, with a reported incidence of 1:35,000-40,000 births, and the fetal pelvis is the most frequent location [25] (Fig. 7) . Teratomas are typically heterogeneous at imaging because of the different components and the presence of necrosis, cystic degeneration, hemorrhages, and/or calcifications [26] . Their prognosis depends mainly on their size and their location. The Altmann classification distinguishes four types of sacrococcygeal teratomas regarding their location: Primarily exophytic or type I, observed in 47% of cases and having the best prognosis; type II, dumbbell shaped with equivalent extra-and intrapelvic size masses and present in about 34% of cases; type III with a larger intrapelvic component and present in 9% of cases; and type IV, entirely intrapelvic, present in 10% of cases and having the worst prognosis [27] . Fetal MRI is often performed in these patients and may provide relevant information concerning the real extension of the tumor and/or its effects over the adjacent organs, especially in intrapelvic tumors types Altmann III and IV (Table 2) .
Anterior sacral meningoceles result from the anterior herniation of sacral meninges secondary to hypoplastic sacral vertebral segments. They are often observed as part of the Currarino triad or in conditions with prominent dural ectasia [20] . The best diagnostic clue at imaging is the identification of a homogeneous cystic presacral mass communicating with the thecal sac through an anterior sacral defect [5] .
Pathologies with variable anatomical location
Ovarian cysts are often observed in female fetuses at US performed in late pregnancies. The fetal ovaries are extremely mobile and may be observed not only in the pelvis, but also in the fetal abdomen. Ovarian cysts should be considered the first possible diagnosis in the presence of a pelvic or abdominal cyst in a female fetus. Most of them are simple functional cysts, resulting from excessive stimulation of the fetal ovaries by the placental and maternal hormones [5, 6] . Simple cysts are anechoic, uniocular or multilocular, with fine internal septations [28] , and they rarely develop complications. Large, ''wandering'' cysts have an increased risk of torsion and hemorrhage in utero. In these cases, they present internal echoes, hemorrhagic areas, fluid-fluid levels, and/or thickened septa. The natural course of ovarian cysts is a spontaneous, slow postnatal regression. However, sur- gical resection may be required in voluminous cysts or in the case of torsion and/or hemorrhage [5, 28] . Complementary prenatal MRI is rarely performed, but can be useful in selected complicated cases (Fig. 8) .
Lymphatic malformations Mesenteric cysts are unilocular lymphatic malformations. They are usually asymptomatic, have a small size, and are mostly located in the mid-abdomen. Large malformations are usually multilocular, with multiple internal septations [29] . They do not respect the anatomical spaces and can be present everywhere in the body, with the posterior cervical triangle as the most common location (Fig. 9 ). Lymphatic malformations can rapidly increase in size in the case of hemorrhage or infection. After bleeding, fluid/fluid levels are often observed at imaging. In voluminous lesions, MRI helps to define the real anatomical extension of the malformation and its effects on the adjacent organs (Table 2) .
Finally, meconium peritonitis is a sterile chemical peritonitis secondary to intestinal perforation in utero with subsequent extravasation of the meconium into the peritoneal cavity. The reported prevalence is 1:30,000 live births with mortality ranging between 11 and 50%. Meconium peritonitis may produce both meconium cysts when the extravasation of meconium occurs in a peritoneal cavity and produces a fibrous wall and/or meconium pseudocysts, resulting from a thinning intestinal wall, in which the muscle layer of the wall remains continuous with the intestine but lost its epithelium because of the persistent inflammation [30] . Prenatal MRI is rarely performed in these cases and can not differentiate between cysts and pseudocysts.
The advantages and the possible additional information obtained at complementary MRI in fetuses with pelvic cystic pathology are shown in Table 2 .
Conclusion
The detection of a pelvic cyst or of an anomalous distension of a whole pelvic organ at a US screening exam during pregnancy is relatively common and can be observed in a wide spectrum of pathologies. In most cases, US is sufficient to establish the diagnosis. However, an additional prenatal MRI is occasionally performed in selected cases with poor prognosis and/or inconclusive echographic findings. The method offers multiplanar capacity, a high anatomical definition, and allows an accurate distinction of the pelvic organs due to the different chemical composition of the fluids filling the bladder, the small bowel, and the colon. The displacement of these organs helps to identify the anatomical Fig. 9 . Lymphatic malformation in a male fetus. The coronal (A) and sagittal (B) T2-W MR images at the 26th p.w. show a cystic mass with internal septations in the posterior pelvic space, presacral located (white arrow). A cystic sacrococcygeal teratoma-Altmann IV-was suggested at both US and MRI studies. The patient was operated upon after birth and a lymphatic malformation was diagnosed at pathology. space at which the pathology origins, limiting the differential diagnosis.
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